In Quantum Relativity, time and space are separated. Time is the numerical order of material changes, and space is the medium, in which these changes take place. Space has the origin in a three-dimensional quantum vacuum defined by fluctuations of the energy density corresponding to elementary RS (reduction state) processes of creation/annihilation of elementary quanta. Quantum Relativity provides a unifying approach to special relativity, general relativity, and quantum mechanics. Each physical object from the micro-to the macroscale can be derived from an opportune diminishing of the quantum vacuum energy density. In particular, the variable energy density of space in Quantum Relativity corresponds to the curvature of space in general relativity. In quantum theory, the behavior of each subatomic particle follows from opportune elementary RS processes of creation/annihilation of quanta guided by a quantum potential of the vacuum. Finally, the perspectives of this model regarding the view of gravity and quantum as two aspects of the same coin and the electroweak scale are analyzed.
Introduction The 20
th century theoretical physics replaced the notion of an "empty" space with the idea of a unified quantum vacuum as a fundamental medium subtending the observable forms of matter, energy, and spacetime. As a consequence of quantum field theories and cosmology, the physical vacuum emerges as a unified system governing the processes taking place in the micro-and macroworlds, which manifests itself on all space-time scales. The real particles such as electrons, positrons, photons, hadrons, etc., as well as all macroscopic bodies, are quantum wave-like excitations of this medium.
The missing point inside the physics of the 20 th century is that a region of universal space, which is c ○ D. FISCALETTI, A. SORLI, 2018 void theoretically of all fields, elementary particles, and massive objects, still exists on its own and so must have some specific physical origin. The so-called "empty space" is a type of energy that is "full" of itself and has its independent physical existence. We explored recently this possibility by introducing, on the basis of the Planckian metric emerging, for example, from loop quantum gravity [1] [2] [3] , a model of a three-dimensional (3D) dynamic quantum vacuum, which can create a bridge between quantum mechanics and general relativity. In this model, the background space of physical processes is a 3D quantum vacuum, where each elementary particle is determined by elementary reduction-state (RS) processes of creation/annihilation of quanta (more precisely, of virtual particle-antiparticle pairs) corresponding to opportune changes of the energy density of space [4, 5] . This model, as it provides a natural improvement of general relativity and quantum theory with the help of relevant foundations of quantum field theory regarding quantum vacuum properties, can be appropriately named Quantum Relativity. In this approach, the variable energy density of space is the fundamental energy, which gives origin to the different physical entities existing in the universe. In the outer intergalactic space, namely in the absence of material objects, the energy density of space is defined by the Planck energy density:
where P is Planck's mass, is the light speed, and p is Planck's length. Quantity (1) is the maximum value of the energy density of space and physically corresponds to the total average volumetric energy density, owed to all the frequency modes possible within the visible size of the universe, expressed by
being Planck's reduced constant, the universal gravitation constant. In the outer intergalactic space, the curvature of space is zero, and its energy density corresponds to value (2) . The Planck energy density is the average energy density of the empty universal space, in which there are no material objects. Out of this fundamental energy pool of the universe, particles and antiparticles continuously appear and disappear.
The quantum vacuum characterized by the energy density (1) identifies a 3D Euclid space as a preferred fundamental arena, which is quantitatively defined by Galilean transformations for the three spatial dimensions
and Selleri's transformation
for the rate of clocks. In Eqs. (3) and (4), is the velocity of the moving observer ′ of the inertial frame ′ measured by the stationary observer , and is the proper time of the observer of the rest frame , namely the speed of clocks of the observer (here, as usual, the origin of ′ , observed from , is seen to move with velocity parallel to the axis). According to transformations (3) and (4), the temporal coordinate has thus a different ontological status with respect to the spatial coordinates. It is the motion relative to the rest frame of the Euclidean space associated with the quantum vacuum energy density (1) that influences clocks' running. The duration of material changes satisfying the standard Lorentz transformation for the temporal coordinate is a physical scaling function, which emerges from the more fundamental numerical order defined by the relation
and determines itself a the re-scaling factor of the distance in the first spatial coordinate determined by the material motion of the form
which yields just a re-scaling of the position measured by the moving observer expressed by the standard Lorentz transformation for the first spatial coordinate [6] . By following the philosophy of Rueda's and Haisch's interpretation of the inertial mass as an effect of the electromagnetic quantum vacuum [7] , in which the presence of a particle with a volume 0 expels from the vacuum energy within this volume exactly the same amount of energy, as is particle's internal energy (equivalent to its rest mass). In a similar way in our approach of Quantum Relativity, each material particle is associated with fluctuations of quantum vacuum, which determine a diminishing of the energy density of space. In Quantum Relativity, the energy of a given physical object with mass and volume is the structured energy of quantum vacuum. The amount of energy and mass is proportional to the diminished energy density of quantum vacuum qvE at the center of a given physical object:
Formula (7) is derived from the formula
where qvE is the energy density of quantum vacuum inside the physical object, PE is the Planck energy density [given by (1) ], and is the volume of the physical object.
From formula (8) , one can get the following formula regarding the mass of the physical object:
According to relation (9) , there is a fundamental symmetry between the property of mass and the changes of the quantum vacuum energy density [8] . From (9) , one can get (7), by multiplying the relation by 2 . Moreover, in a given volume of the universal space, the total sum of the different forms of energies (due to the different physical interactions and fields) tends to be constant. This means that, on the basis of the conservation of energy, the average value of the quantum vacuum energy density (8) -intended as a unified field governing the processes taking place in the micro-and macroworlds -is constant in the universe.
Relations (7)- (9) imply that there is an intrinsic relation between the mass and the quantum vacuum energy density in the sense that the amount of the quantum vacuum energy, which is forming the physical object, its inertial mass , and its gravitational mass are all proportional to the energy of a given physical object and so to the diminished energy density of quantum vacuum inside of the physical object:
On the basis of the equivalence between the mass of a material object and the energy of quantum vacuum, established by Eq. (7), one can consider that, when a material object moves, its kinetic energy is absorbed from vacuum. In other words, the energy taken by a particle from vacuum can be also acquired as the kinetic energy. This means that a relativistic physical object is getting its relativistic energy and relativistic mass by absorbing the additional energy from quantum vacuum. This means that a relativistic physical object additionally diminishes the energy density of quantum vacuum at its center according to the relation Fig. 1 . Gravity as the force based on the difference between the outer energy density of quantum vacuum PE and the inner energy density of quantum vacuum qvE where 0 is the rest mass of the object and
is the velocity of the relativistic physical object, which is linked with the variable quantum vacuum energy density and, as one can easily check, is in agreement with the special relativistic prediction that the energy of a physical object diverges in the limit → . Furthermore, on the basis of the fundamental equation (9) expressing the origin of mass from opportune changes of the quantum vacuum energy density, the well-known Newton gravity formula between two masses 1 and 2 may be conveniently written as
The gravity force is proportional to the masses and inverse proportional to the square of the distance . The bigger the distance , the smaller the difference between the outer energy density of quantum vacuum and the inner energy density of quantum vacuum (see Fig. 1 ).
The differences between the outer and inner energy densities of quantum vacuum are infinitesimally small. A simple calculation shows that, in the approach based on Eqs. (7)-(10), the gravitational interaction is ruled by infinitesimally small changes of the quantum vacuum energy density. Let us consider the values for the quantum vacuum density, which is related to the energy density by 2 in the sense that, when we multiply the density of quantum vacuum by 2 , we get the energy density of quantum vacuum. The Planck density P of quantum vacuum in the outer intergalactic space is as follows:
Thus,
At the center of a black hole with the mass of the Sun and a radius of 3000 m, the density of quantum vacuum is
namely,
By comparing values (14) and (16), one sees that these values are almost equal: in the calculation of quantity (15) , one finds that, after 73 times of number 9, numbers 824 follow. This shows in other words that infinitesimally small changes of the quantum vacuum energy density are governing gravity. The stability of atoms and subatomic particles requires that the energy density of quantum vacuum has a certain value. Inside of the Schwarzschild radius, the energy density of quantum vacuum goes under that value, which causes atoms and subatomic particles to become unstable. Matter which is structured by the energy of quantum vacuum is disintegrating back into the energy of quantum vacuum. In Quantum Relativity, light is the vibration of quantum vacuum. That is why light has the same speed in all inertial systems, which all move in quantum vacuum. Light obeys Doppler's effect accordingly to the velocities of the light source and accordingly to the velocities of inertial systems, in which the Doppler effect is measured.
In Quantum Relativity, the rate of clocks depends exclusively on the energy density of quantum vacuum and is valid for all observers. GPS proves that the rate of clocks is valid for all observers regardless they are on the satellite stations, at home, in a train, or in an airplane. Quantum Relativity is abolishing the time as the fourth physical coordinate of space. Time is merely a numerical order of material changes in quantum vacuum and has exclusively mathematical existence. When the numerical order of material changes is measured from the side of an observer, the duration is entering the existence. There is no duration without the measurement.
In this view, no signal can move in the physical time dimension to the present moment. Every signal can move only in space, means in quantum vacuum. CMBR (cosmic microwave background radiation) cannot come from some remote physical past, because such a past does not exist. This is in accord with the vision of Albert Einstein: "Time and space are modes by which we think and not conditions in which we live. ...there is something essential about the NOW which is just outside the realm of science. People like us, who believe in physics, know that the distinction between the past, present and future is only a stubbornly persistent illusion. Time has no independent existence apart from the order of events by which we measure it". According to the Quantum Relativity, CMBR is the characteristic radiation of quantum vacuum, which is the fundamental energy field of the entire universe. In quantum vacuum, it is always NOW. The linear time "pastpresent-future" has only the psychological existence, through which an observer is experiencing the run of physical changes in quantum vacuum [8] .
Quantum Relativity is built on the bijective epistemology [9] , which sees a given physical object inseparably related to the space (quantum vacuum), in which the physical object exists. In this view, the region of quantum vacuum with a diminished energy density, in which a given physical object exists, is intrinsically connected with the physical object. We cannot approach them separately. The region of quantum vacuum is moving with the physical object. If the object is rotating, the region is rotating as well. In this view, the region of quantum vacuum around the Earth is moving with the Earth. That is why the Michelson-Morley experiment gave the negative result. The Sun also rotates the surrounding quantum vacuum, giving rise to what we call "dragging effect". The dragging effect is the physical origin of the precession of planet. On the basis of Eqs. (7)- (9), we have developed a mathematical model for the precession of planets, which gave exactly the same result as the calculations by Albert Einstein.
In this paper, our purpose is to put in evidence in what sense the approach of Quantum Relativity provides an improvement of general relativity and quantum theory. In Section 2, we will examine the main results regarding quantum mechanics, which follow from the RS processes of creation/annihilation of the 3D quantum vacuum. In Section 3, we will analyze the main results regarding special relativity and general relativity. Finally, in Section 4, we will show how this approach determines the suggestive unifying perspectives of quantum mechanics and general relativity, as well as of the electroweak regime of the Standard Model.
Quantum Relativity as an Improvement of Quantum Theory
Quantum physics, in its modern formulation, has about 90 years. Although it has created many interpretative problems about the description of subatomic processes, its predictions have been confirmed with a incredibly high precision. As regards the geometry of the physical world, quantum physics yields more spread scenarios than those offered by every previous physical theory, showing in particular that the subatomic particles are non-locally connected and can be in entangled states. While in the Copenhagen interpretation owed to Bohr, Heisenberg, and their followers, the non-locality is an unexpected host, which lies behind the purely probabilistic interpretation of the wave function and the mechanism of "casuality" associated with it, on the basis of the experimental results of many authors (such as those by A. Aspect and A. Zeilinger, just to name a few), one has to acknowledge that the non-locality is the ultimate visiting card of the geometry of quantum physics and constitutes an essential property, which is at the basis of the behavior of subatomic particles and the geometry of the quantum world [10, 11] . In the light of the existence of non-local correlations in the subatomic world, the following questions become natural: what is really a subatomic particle such as an electron? What does it determine the behavior of a subatomic particle? What is the real ultimate background of subatomic processes? Despite the "pacific coexistence" between relativity and quantum physics expressed by the fact that the non-local correlations characterizing the behavior of subatomic particles do not transport energy, and thus they do not violate the laws of relativity, there is furthermore the fundamental problem of building a dynamic model of the space-time background, in which the quantum processes also find a place, in other words of developing a quantum geometrodynamics.
The Quantum Relativity faces the question regarding the non-locality as an essential ultimate visiting card of quantum processes in a direct way by introducing a 3D non-local quantum vacuum as the fundamental background. Quantum Relativity provides an improvement and a completion of quantum theory in the sense that the behavior of an electron can be seen as the effect of the more elementary processes of formation and dissolving of quanta of the 3D quantum vacuum. Here, the key point is to introduce Bohm's quantum potential into a 3D isotropic quantum vacuum characterized by the Planckian metric and defined by elementary processes of creation/annihilation of quanta corresponding to Chiatti's and Licata's transactions.
In a series of recent papers [12, 13] , Chiatti and Licata proposed the idea of that, in the physical universe, the ontologically primary events are the creation and annihilation of an elementary quantum, of an actualized transaction, and they correspond to a peculiar reduction of the state vector (which is constituted of interaction vertices, in which real elementary particles are created or destroyed). In the epistemological affinity with Chiatti's and Licata's transactional approach, the Quantum Relativity model postulates that the appearance of baryonic matter derives from an opportune excited state of the 3D quantum vacuum defined by opportune changes of the quantum vacuum energy density and corresponding to the specific reduction-state (RS) processes of creation/annihilation of quanta [4] . The excited state of quantum vacuum corresponding to the appearance of a material particle of mass is defined (in the center of that particle) by the energy density (8) (and thus by a diminishing with respect to the Planck energy density characterizing the ground state), and its evolution is determined by opportune RS processes of creation/annihilation of quanta described by a wave function
with two components satisfying a time-symmetric extension of the Klein-Gordon quantum relativistic
where
is a change of the quantum vacuum energy density. Equation (17) corresponds to the following two equations:
for creation events and
for destruction events.
The virtual particles-antiparticles corresponding to the RS processes of creation/annihilation of the 3D quantum vacuum give rise to a total zero spin, thus constituting an organized Bose ensemble analogous to the superfluid helium [14] . As a consequence, in agreement with a recent model proposed by Sbitnev in a series of recent papers [15] [16] [17] [18] , in which the physical vacuum is seen as a superfluid medium and contains pairs of particles-antiparticles, which make up a Bose-Einstein condensate, Quantum Relativity implies that, in presence of ordinary baryonic matter, the 3D quantum vacuum -and thus the fundamental background, which rules the behavior of subatomic particles -physically acts as a superfluid medium and thus can be characterized by the following Einstein energy-momentum tensor:
where and are functions per unit volume expressed in units of pressure, and the metric tensor has the spacelike signature (−, +, +, +). From the energy-momentum tensor (20) , one obtains the following conservation law:
where is the number of the RS processes of virtual subparticles characterizing the vacuum medium. Hence, by following the philosophy that underlines Sbitnev's hydrodynamic picture provided in [18] , Eqs. (20)- (21) yield the first Fick's law in the relativistic limit in the form
where the diffusion coefficient -having the dimension of ℎ 2 / -can be seen as a result of the scattering of the subparticles of the RS processes characterizing the vacuum in a given volume and can be expressed as
As a consequence of the motion of virtual particles corresponding to the elementary fluctuations of the quantum vacuum energy density, space-time is filled with virtual radiation with frequency = 2 , namely
In the light of relations (23)- (24), we can say that each elementary fluctuation of the quantum vacuum energy density in a given volume produces an oscillation of the vacuum at a peculiar frequency. This means that each material object given by mass (9) corresponds to oscillations of the vacuum given by relation (24) . The total effect of the motion of virtual particles produced by the RS processes characterizing a given region -in correspondence to changes of the quantum vacuum energy density -is to generate a dragging pushing effect of the 3D quantum vacuum. In particular, one may describe the pushing effect of a region of volume of the quantum vacuum at a given point at a distance from the center of that volume by defining a velocity of the 3D quantum vacuum on the basis of the relation
The quantum vacuum velocity (25) is defined with respect to the special rest frame of the Euclid space associated with the quantum vacuum energy density (1) . In other words, the rest frame corresponding to the Planck energy density is a special frame, in which the quantum vacuum velocity (25) is zero, all material objects (and thus all variations of the energy density of quantum vacuum) correspond to regions of the quantum vacuum endowed with velocity (25) with respect to this special frame. We will return to the important role of the velocity of quantum vacuum (25) later, in Section 3, in the treatment of relativity.
Let us now see, in mathematical details, in what sense the non-locality is embedded in Quantum Relativity as the ultimate visiting card of processes. By considering the fundamental equation ruling the RS processes, namely the Klein-Gordon equation (17), and decomposing the real and imaginary parts of this equation after writing the two components of the wave function in the polar form
one obtains a couple of quantum Hamilton-Jacobi equations for the real part that, by imposing the requirement that they are Poincarè invariant and have the correct non-relativistic limit, take the following form:
while the imaginary part gives the continuity equa-
where is the ensemble of particles associated with the wave function under consideration and
is the quantum potential of the vacuum. The nonlocality characterizing subatomic processes emerges ultimately from the quantum potential of the vacuum (30) , which represents the fundamental entity, which guides the occurring of the processes of creation or annihilation events in space. As a consequence of the primary physical reality of the processes of creation and annihilation and of the non-local action of the quantum potential and in analogy to the epistemology of a recent model proposed by Licata and Chiatti, where the quantum jumps are processes of entry and exit from the usual temporal domain to a timeless vacuum [19] , the behavior of the matter in the universe in Quantum Relativity can be seen as an undivided network of RS processes that take place in a 3D timeless quantum vacuum, and time has not a primary physical reality but exists merely as a mathematical parameter measuring the dynamics of the particle under consideration.
As regards the RS processes of creation, the quantum potential associated with the virtual particles of the RS processes of the 3D quantum vacuum may be written as
where is the number of virtual particlesantiparticles of the RS processes in the volume of the 3D quantum vacuum under consideration [20] . Equation (31) shows that the quantum potential of the vacuum describes the geometry via the pressures 1 and 2 that arise by the collisions between the virtual particles-antiparticles populating the vacuum and corresponding to the RS processes. In this picture, the quantum potential of the vacuum (31) may be considered as the real origin of the quantum effects. This means that, according to the model of the Quantum Relativity, the quantum potential of ordinary quantum mechanics (that is = − 2 2 ∇ 2 for a one-body system in the non-relativistic domain) can be considered a consequence of the more fundamental quantum potential of the quantum vacuum (31) .
In the Quantum Relativity model presented here, the evolution of each subatomic particle (such as an electron in the double-slit interference) emerges from the opportune elementary RS processes of creation/annihilation of quanta guided by the quantum potential of the vacuum. The behavior of a subatomic particle, as described by Bohm's approach to quantum mechanics, can thus be seen as a result of the more fundamental evolution of fluctuations of the quantum vacuum energy density corresponding to elementary RS processes of creation/annihilation of quanta. Because of its origin from the elementary fluctuations of the quantum vacuum energy density, an electron can be therefore associated with appropriate waves of the vacuum, which guide it in the different regions of the 3D quantum vacuum through the action of the quantum potential of the vacuum [21] .
In particular, the non-local correlations characterizing the quantum domain can be seen as effects deriving from the general Bell length of the 3D quantum vacuum
which measures the degree of non-local correlation characterizing this background. The quantum length (32) is the ultimate parameter that quantitatively indicates that, at a fundamental level, the 3D quantum vacuum defined by RS processes of creation/annihilation of virtual particles-antiparticles corresponding to fluctuations of the quantum vacuum energy density is a non-local and timeless manifold.
On the basis of some recent research, the Bell length as the ultimate parameter, which quantifies the degree of non-local correlations in a quantum system, implies that the maximum delocalization of a quantum system is 1 [22] . As a consequence of this, one obtains the following simple relation satisfied by the number of virtual particles-antiparticles of the RS processes of the 3D quantum vacuum under the condition of maximum entanglement and the maximum grade of non-locality and delocalization in a quantum system having the mass = Δ qvE 2 produced by the fluctuations of the quantum vacuum energy density corresponding to the same RS processes:
In virtue of the fundamental features of the 3D quantum vacuum in Quantum Relativity, one can throw new light as regards the problem of the existence, in quantum physics, of different descriptive levels of physical reality, whether formal analogies exist between them or there is a deeper meaning. In fact, by using a Bohmian terminology, the reality constituted by the RS processes and their evolution through the non-local action of the quantum potential of the vacuum can be defined as the background, from whose differentiation the foreground constituted by the events of a given subatomic particle or system (governed by the well-known laws of quantum theory) emerges. In this picture, the ordinary spacetime has no physical reality of its own, but it is, so to speak, materialized by RS processes. In an analogous way, the background associated with the de Broglie-Bohm pilot-wave theory but also of Bohm's implicate order and Hiley's pre-space seen as manifolds derived from this more fundamental arena represented by the three-dimensional nonlocal timeless quantum vacuum are someway "materialized" by RS processes. The philosophy of this model as regards the link between our level of physical reality (regarding measurement processes), the implicate order, and the 3D timeless non-local quantum vacuum actually follows someway the program that Bohm had already sketched out, when he had studied the relationship between implicate and explicate orders. At the same time, it allows us to go beyond it, suggesting a possible deeper origin and explanation of Bohm's implicate order. One can say that, since each subatomic particle (such as an electron in the famous double-slit interference experiment) is indeed the evolution of RS processes of creation/annihilation of quanta corresponding to elementary fluctuations of the quantum vacuum energy density, there is an equivalence between the 3D timeless non-local quantum vacuum and the space-time background of the subatomic particle under consideration (in this sense, there is a formal analogy between the 3D timeless non-local quantum vacuum and the usual background of quantum theory). Moreover, the Quantum Relativity allows us to suggest a deeper meaning of the relationships between the different descriptive levels of physical reality in the sense that, with the introduction of a 3D timeless non-local quantum vacuum defined by RS processes of creation/annihilation of quanta corresponding to elementary fluctuations of the quantum vacuum energy density, the ordinary quantum mechanics emerges directly from the 3D timeless non-local quantum vacuum [21] . Finally, the Bell length of the vacuum introduces interesting perspectives as regards a new re-reading of the well-known Bell inequalities investigating the correlations between two particles that share a quantum state [23] [24] [25] . As regards the quantum dynamics of a general two-qubit state, with vanishing total angular momentum projections, given by the equation
where |↑↓⟩ corresponds to the state of the system, when the first qubit is in the "up" state and the second qubit is in the "down" state, while |↓↑⟩ corresponds to the state of the system, when the first qubit is in the "down" state and the second qubit is in the "up" state, the quantum potential in the Bohmian framework is
Here, M 1 =M 1 and M 2 =M 2 are the angular momenta of two qubits 1 and 2, respectively, being the phase of the wave function of the system. The grade of non-locality in this system may be characterized by considering the following Bell length:
In the approach of Quantum Relativity, since each quantum system is the evolution of opportune RS processes of creation/annihilation of quanta corresponding to elementary fluctuations of the 3D quantum vacuum, the Bell length (36) regarding a system of two qubits in the entangled state (34) can be derived from a more fundamental Bell length of the vacuum (32). More precisely, one can say that the behavior of a system of two qubits in the entangled state (34) described by the quantum laws is ultimately determined by RS processes of creation/annihilation of quanta corresponding to elementary fluctuations of the 3D quantum vacuum on the basis of the equation
Now, in the light of these considerations, by following the philosophy underlying the approach of Hall's correlation distance developed in [26] , we can suggest in our model of Quantum Relativity that the standard Bell inequality in the form derived by Clauser, Horne, Shimony, and Holt (CHSH),
may be generalized as
where max quantum = 1 is the maximum value of the Bell length of the vacuum that is directly determined by opportune fluctuations of the quantum vacuum energy density on the basis of Eq. (32) . By substituting Eq. (32) into Eq. (39), we obtain
where Δ max qvE are the opportune quantum vacuum energy fluctuations determining the maximum degree of non-local correlations in a quantum system. Therefore on the basis of the Bell length of the vacuum (32), a quantum vacuum inequality can be introduced in the form
In the Quantum Relativity approach, the violation of the quantum vacuum inequality (41) essentially coincides with the one of the standard CHSH inequality. However, the measurements that maximize the violation of CHSH are not the ones, which give the maximal violation of CHSH vacuum . In general, for the standard Bell-CHSH scenario, the violation of the standard inequality (38) is a necessary but not sufficient condition for the violation of (41). The advantage of the quantum vacuum inequality (41) lies in the fact that the results depend causally on the Bell length of the vacuum, which emerges directly as the ultimate parameter determining, at the fundamental level of the 3D quantum vacuum defined by RS processes of creation/annihilation of quanta corresponding to elementary fluctuations of the quantum vacuum energy density, the correlation degree in quantum systems.
About the Advances of Quantum Relativity Regarding Special Relativity and General Relativity
In Quantum Relativity, time has only a mathematical meaning, namely, time is a numerical order of changes running in space. Time is not the 4 th dimension of space. In Quantum Relativity, light has the same velocity in all inertial systems, because the source of light and all inertial systems, in which the light is observed, are moving in the same space (3D quantum vacuum); a photon is the wave of space (3D quantum vacuum), in which the source of light and all inertial systems move. Light behaves itself accordingly to the Doppler law. All phenomena of special relativity are in Quantum Relativity described in a 3D space. There is no "time dilation" and "length contraction," which are only the mathematical tools in the Einstein theory to preserve the light speed constancy.
In Quantum Relativity, the rate of clocks is valid for all observers. Quantum Relativity abolishes "internal observer", "external observer," and "coordinate time" of special relativity. In Quantum Relativity, the rate of clocks in all inertial systems is valid for all observers. GPS proves that. The Special Relativity effect of a slower rate of clocks on the satellites and the General Relativity effect of a faster rate of clocks on the satellites have, in Quantum Relativity, the origin in the variable energy density of quantum vacuum. Satellites are moving with higher velocity than the Earth surface. Because of this, they additionally absorb the energy of quantum vacuum, which actually is the kinetic energy of satellites. The additional absorption of the quantum vacuum energy in the form of a kinetic energy causes the additional diminishing of the energy density of quantum vacuum inside of a satellite, which causes that the rate of clocks is slower. As for the General Relativity effect related to the motion in the direction away from the Earth in the space, the energy density of quantum vacuum is increasing, and the rate of clocks is faster. The variable rate of clocks in all inertial systems is valid for all observers.
In Quantum Relativity, the light speed is constant in the regions of the universal space with unchanged energy density of quantum vacuum. Minimal changes of the quantum vacuum energy density cause minimal changes of the light speed in accord with classical physics' discovery, namely, the motion speed of a signal is increasing with the density of the medium, in which signal is moving. The Shapiro experiment proves that light diminishes minimally the speed in stronger gravity, where the energy density of quantum vacuum is lower. General Relativity describes the Shapiro experiment as "gravitational time dilation", which means that, in a stronger gravity field, the 4 th time coordinate is dilating, getting longer. Respectively, the time of the light motion from point A to point B increases. This interpretation is not realistic. Quantum Relativity is abolishing the gravitational time dilation, which is purely a mathematical model and has no correspondence in the physical world.
In Quantum Relativity, the relativistic decay of muons [27] has origin in the diminished energy density of quantum vacuum. Muons are moving toward the Earth with high speed, which increases their kinetic energy and additionally diminishes the energy density of quantum vacuum. The diminished energy density of quantum vacuum causes that all physical changes, including muons' decay, are slower. In Quantum Relativity, there is no "time dilation," as it is in Special Relativity, in the sense that time dilates as the physical reality, in which material changes run. In Quantum Relativity time is merely numerical order of the material changes. When we measure this numerical order of material changes with the clocks, we get the duration. Muons move in quantum vacuum, where it is always NOW. Their high velocity additionally diminishes the energy density of quantum vacuum, which causes that the decay of muons is getting slower and is valid for all observers. The rate of clocks in Quantum Relativity does not depend on the observer position; it depends only on the energy density of quantum vacuum.
Quantum Relativity fully explains the Sagnac effect, by which a light signal needs more time, when travelling from point A to point B in the opposite direction of Earth's rotation. With the rotating Earth, the quantum vacuum area around the Earth is also rotating. As a photon is the wave of quantum vacuum, it needs more time, when moving in the opposite direction of the movement of quantum vacuum.
A detailed analysis of the Sagnac effect, which regards the different velocities of different light signals relative to an interferometer, can be found, for example, in Post's classical paper [28] . The original apparatus utilized by Sagnac in his famous experiment is depicted in Fig. 2 : a light source S generates light signals, which are divided by the half-silvered-mirror HSM into two beams, which follow a clockwise or counter-clockwise path of the same length back to HSM, where they are recombined and detected at a final mirror D. Sagnac's experiment shows that when this interferometer is rotated with angular rate Ω rad/sec, a fringe shift Δ given by the relation
is observed. It corresponds, at the lowest order in the vector Ω providing the direction and the rate of rotation, to a phase difference between the counterrotating beams of
In Eqs. (43)- (44), 0 is the vacuum wavelength of light, ⃒ ⃒¯⃒ ⃒ is the area enclosed by the circulating light beams, and A is perpendicular to the plane of an interferometer. The scalar product Ω · A indicates that the phase difference between the counterrotating beams is proportional to the cosine of the angle between the axis of rotation and the normal to the optical circuit. Equations (43)- (44) physically mean that when an interferometer is rotated, there are different transit times from a beam-splitter to a beam-splitter for clockwise-and counter-clockwiserotating beams. Moreover, it is of interest to remark that, by making an electromagnetic discussion of the Sagnac effect in the context of a geometric optical theory, Post obtained in [28] that the actually observed fringe shift produced by the clockwise and counterclockwise beams in a moving interferometer with comoving medium, when compared with the stationary case, can be expressed as
where is the index of refraction in the stationary medium, v is the velocity field, r is the vector line element, and the equivalence between (45) and (43) may be reproduced, if one sets = 1 − −2 and uses the following relation based on the Stokes theorem:
Now, in our approach, the vector Ω, which provides the direction and the rate of rotation of a Sagnac interferometer, derives from the motion of the virtual particles of the RS processes corresponding to elementary fluctuations of the quantum vacuum energy density, namely, it can be associated with the frequencies given by Eq. (24) . In other words, the vector Ω may be expressed as
where^is the unit vector identifying the direction of the vector Ω. It is vector (47) associated with the frequencies of the motion of virtual particles of the RS processes of the quantum vacuum that determines the phase difference between the counterrotating beams in the Sagnac experiment. In other words, one can say that, as a consequence of these elementary fluctuations of the quantum vacuum energy Fig. 3 . A circular Sagnac interferometer of radius rotating with uniform angular velocity Ω in the clockwise direction [30] density, when the whole Sagnac apparatus, including the light source and the detector, is rotated, the fringe shift between clockwise-and counter-clockwiserotating beams corresponds, at the lowest order in the angular velocity, to a phase difference between the counter-rotating beams of the form
On the basis of Eq. (48), we can say that the real origin, the real ultimate visiting card of the phase shift of a Sagnac interferometer, is represented by motion of the virtual particles of the RS processes of the 3D quantum vacuum. Moreover, taking Eq. (25) into account and by introducing the length of the fiber optic path, Eq. (44) may also be formulated as
where = 4 2 is the area enclosed by the moving light beams. Equation (49) shows that the phase difference between the counter-rotating beams is proportional to the velocity of the quantum vacuum determined by the motion of virtual particles produced in the RS processes of the region under consideration [29] . Moreover, in a special relativistic picture, the phase difference (49) may be expressed as
In view of a comparison with Post's treatment, it is of interest to consider a Sagnac circular interferometer of radius rotating with uniform angular velocity in the clockwise direction. Here, by following to Field [30] , we consider + and − co-rotating and counter-rotating light signals, which depart simultaneously from a beam splitter (BS), when it is positioned at 0 (see Fig. 3 ). The signals − ( + ) arrive back at BS, when it is in the laboratory frame positions − ( + ). In the laboratory frame, both light signals move with speed . The different arrival times result from different laboratory frame path lengths followed by the signals.
In this case, taking Field's results into account, the relative velocities of the light signals and an interferometer determined by the dragging effect of the quantum vacuum are given by
where + ( − ) are the velocities of clockwise (counterclockwise) rotating light signals, relative to an adjacent point on the interferometer, in the laboratory system. The times-of-passage of the light signals from a beam-splitter to a beam-splitter in the laboratory system for the counter-rotating signals are
In a special relativistic picture, by using the differential Lorentz transformations from the laboratory system into the instantaneous co-moving frame of the beam splitter BS, the phase shift can be expressed as
namely
where = 2 . Equations (55) and (56) may be considered as the counterparts of Eq. (50) as regards the Sagnac circular interferometer. In other words, the physical significance of Eqs. (55)- (56), on the one hand, and of Eq. (50), on the other hand, is the same. Both for a linear interferometer and for a circular interferometer, the phase difference between the counter-rotating beams (with respect to the stationary state) is determined by the elementary fluctuations of the quantum vacuum energy density, and thus by the velocity of the quantum vacuum, in the area enclosed by the moving light beams. The only difference between the two cases is as follows: while the area in the linear interferometer depends of the length of the fiber optic path, it is linked in the circular interferometer with its radius .
As a consequence of the phase difference expressed by Eqs. (55)- (56), in the circular interferometer, the relative velocities of the light signals and the interferometer in the co-rotating systems are:
Relations (57) indicate that the signal flight times in the co-rotating frame are determined by the motion of virtual particles of the RS processes of the 3D quantum vacuum and turn out to be in agreement with the calculations previously performed by Tartaglia [31] . Moreover, Eqs. (57) show that the relative velocities of the light signals and the circular interferometer transform between the laboratory and co-rotating frames according to the relation
which allow us to provide a new key of reading the previous results by Klauber [32] . From Eq. (60), it follows also that
which is in agreement with Selleri's inertial transformations
which determine an arena of special relativity, in which the temporal coordinate must be clearly considered as a different entity with respect to the spatial coordinates, just because the transformation of clocks' run between the two inertial systems does not depend on the spatial coordinates. On the light of the treatment of the Sagnac effect based on Eqs. (47)-(62), one can say that the different velocities of clockwise-and counter-clockwiserotating light beams relative to the Sagnac interferometer (both in the cases of the linear and circular interferometers) is really due to the motion of virtual particles of the RS processes of the 3D quantum vacuum and, therefore, to the velocity of the quantum vacuum. The motion of virtual particles, which arise in the RS processes of the 3D quantum vacuum can be considered as the ultimate visiting card, which determines the different velocities of clockwiseand counter-clockwise-rotating light beams relative to the Sagnac interferometer. In virtue of the motion of virtual particles of the RS processes, the quantum vacuum around the Earth is turning with it, andas Eqs. (47)- (62) explicitly demonstrate -this causes that the light signal between two clocks moves with higher velocity in the direction of Earth's rotation and with lower velocity in the opposite direction. A turning quantum vacuum, in which a photon moves, influences its velocity (see Fig. 4 ). It must be emphasized that the above interpretation of the Sagnac effect in terms of fundamental fluctuations of the quantum vacuum energy density turns out to be compatible with the consideration of the Doppler effect between different light signals moving in the different arms of the interferometer. In fact, if 0 is the light frequency in free space, it gets, as a consequence of the Doppler effect, an increment ±Δ depending on along which arm of the interferometer the light spreads, and it is this increment which can be associated with the different velocities of the clockwise and counter-clockwise rotating light signals (52) and, consequently, of their respective times-of-passage from a beam-splitter to a beamsplitter (54). In particular, in the case of the circular interferometer, on the basis of Eqs. (52), the increment Δ of the frequency depending on along which arm of the interferometer the light spreads is
0 being the usual wavelength of light in vacuum. According to Eq. (64), the frequency difference between clockwise and counter-clockwise rotating light signals is determined just by the velocity of the quantum vacuum, and thus by fluctuations of the quantum vacuum energy density. The treatment of the Sagnac effect in terms of the Doppler effect determined by a velocity of the quantum vacuum, described by Eq. (64), may be compared to the one of the transmission of signals from rate-adjusted transmitters orbiting on Global Positioning System (GPS) satellites. On the basis of Ashby's results [33] , the frequency jumps arising from satellite orbit adjustments -used by GPS in order to provide the world-wide position and the time determination -allow several relativistic effects, such as just the Sagnac effect, to be explained. In particular, according to Ashby's results, if 0 = 10 23 MHz is the frequency of the satellite transmission, before the rate adjustment is done, after considering the rate adjustment, the received frequency for a receiver fixed on Earth's rotating geoid is
where is the semimajor axis of the orbit of a satellite, is Earth's mass, N is a unit vector in the propagation direction in the local inertial frame, v is the velocity of a receiver, v is the velocity of the satellite. In our opinion, Ashby's formalism (65) regarding the Doppler effect of signals coming from GPS satellites is compatible with our treatment of the Sagnac effect in the context of the Quantum Relativity approach. What we do here more than Ashby's formalism, in our interpretation of the Sagnac effect, is to suggest that the variation of the frequency of the light depending on along which arm of the interferometer the light spreads, is owed to the motion of virtual particles of the RS processes of the quantum vacuum, associated with the fluctuations of the quantum vacuum energy density, namely by the different values of the velocity of the quantum vacuum depending on along which arm of the interferometer the light spreads, as established by Eq. (64).
Let us examine now the main results regarding the treatment of the gravitational interaction. In this regard, in Quantum Relativity, the curvature of spacetime in General Relativity is only the mathematical description of the energy density of quantum vacuum in a given region of space. This is valid from the micro-to macroscale. The changes and fluctuations of the quantum vacuum energy density generate a curvature of space-time similar to the curvature produced by a "dark energy" density [5, 20] , through a quantized metric, characterizing the underlying microscopic geometry of the 3D quantum vacuum, expressed by the relation where the (quantum operators) coefficients of the metric are defined (in polar coordinates) aŝ 00 = −1 +ĥ 00 ,^1 1 = 1 +ĥ 11 ,^1 1 = 1 +ĥ 11 , 33 = 2 sin 2 (1 +ĥ 33 ),^=ĥ for ̸ =
and
In this picture, the dark energy represents itself the structured energy of space on the basis of the equation
and the variable energy density of space (producing the dark energy) acts as a two-point correlation function according to the relation
where ( ) is the two-point correlation function of the quantum vacuum fluctuations, which depends only on the distance between the two points. In Quantum Relativity on the basis of Eqs. (66)- (70), the 3D quantum vacuum defined by the quantized metric (66) determined by the changes and fluctuations of the energy density of space can be considered as the ultimate visiting card of general relativity, namely as the fundamental origin of the curvature of space-time characteristic of general relativity. Finally, the equivalence principle does not need here to be independently postulated but can be seen as a consequence of the RS processes and, thus, the elementary fluctuations of the energy density of the 3D quantum vacuum. The inertial mass of an object emerges from the interacting fraction of an energy density characterizing the electromagnetic properties of the 3D quantum vacuum defined by the spectral energy density for the zero-point fluctuations
They are determined by the frequencies associated to opportune RS processes of creation/annihilation corresponding to elementary fluctuations of the energy density of space, according to the equation
where is the speed of light, ( ) is the spectral factor, interacting with the body, which physically measures the relative strength of the interaction between the oscillations produced by the motions of virtual particles of the RS processes and the massive object, whose interaction acts to oppose the acceleration [2] . Therefore, the quantum vacuum inertia hypothesis suggested by Rueda and Haisch in [7, [34] [35] [36] gets here a new significance: the drag force, which acts as the inertia reaction force of an object that is being forced to accelerate, can be derived from the oscillations associated with the radiation produced by the motions of virtual particles of the RS processes. Namely, it is related to elementary fluctuations of the energy density of the same 3D quantum vacuum. These fundamental quantum vacuum energy density fluctuations lead to the following associated non-relativistic form of the inertia reaction force:
where g is the acceleration, with which the frequency appears in a local inertial frame * , and the coefficient is given by (72). Here, it should be emphasized that the coupling function ( ) of the inertial mass (72) has different shapes for an electron, a given quark, a composite particle like a proton, a molecule, a homogeneous dust grain, or a homogeneous macroscopic body. However, what appears as the inertial mass, , to the observer in a local Lorentz frame *, corresponds to the passive gravitational mass,
. Thus, we have In addition to the possibility to explain and justify the quantum behavior of subatomic particles at a more fundamental level and to provide a completion and improvement of special relativity and general relativity regarding various aspects (such as the explanation of the Sagnac effect, curvature of space, and dark energy), Quantum Relativity introduces other interesting and relevant unifying perspectives. Before all, it suggests us to interpret gravity and quantum behavior as two different aspects of a same source, of a same coin. In the spirit of the philosophy that is at the basis of F. Shojai's and A. Shojai's model developed in [37, 38] , the quantum behaviors of matter and gravity in Quantum Relativity constitute two different aspects following from the same 3D timeless non-local quantum vacuum characterized by RS processes of creation/annihilation corresponding to elementary fluctuations of the quantum vacuum energy density. In this regard, by starting from the Hamilton-Jacobi equation (28) regarding Bohm's version of the Klein-Gordon equation of the generic component of the probability amplitude of the occurrence of a creation event for a quantum particle, one can show that the generic component of the spinor associated with the quantum particle under consideration (and thus the quantum potential associated with it) has an important link with the curvature of the ordinary space-time we perceive. This means that the effects of gravity on the geometry and the quantum effects on the geometry of space-time are highly coupled and that both of them can be derived from the RS processes of the 3D timeless non-local quantum vacuum.
From Eq. (28), by changing the ordinary differentiating with the covariant derivative ∇ and by changing the Lorentz metric with the curved metric , one obtains the equations of motion for a change of the quantum vacuum energy density [which determines the occurrence of a creation event for a quantum particle of mass (9)] in a curved background:
where∇ represents the covariant differentiation with respect to the metric
which is a conformal metric, where
is the quantum potential of the vacuum. On the basis of Eqs. (75)- (77), one can say that the quantum potential of the vacuum determined by the RS processes associated with creation events of quantum particles from the 3D quantum vacuum is equivalent to a curved space-time with its metric given by (76). The quantum potential of the vacuum corresponding to the generic component of the spinor of a quantum particle is tightly linked with the curvature of the space-time we perceive. In other words, we can say that the RS processes, through the manifestation of the quantum potential of the vacuum (77), lead to the generation, at our macroscopic level of reality, of a curvature of space-time. At the same time, the space-time metric is linked with the quantum potential of the vacuum, which influences and determines the behavior of the particles (corresponding to the creation events in the 3D timeless nonlocal quantum vacuum). In this way, a fundamental geometrization of the quantum aspects of matter is obtained in a picture, where the variable energy density corresponding to the elementary RS processes of the 3D timeless non-local quantum vacuum acting as a superfluid medium is the ultimate entity. In this approach, one can say that the space-time geometry sometimes looks like what we call gravity and sometimes looks like what we understand as quantum behaviors. Both these features of physical geometry emerge from the RS processes of the 3D timeless nonlocal quantum vacuum corresponding to the variable energy density [21] .
It is also of interest to observe that the quantum potential of the vacuum (77) equipped with the conformal metric (76) allows us to throw a new light onto the interpretation of the cosmological constant, by taking account for the fruitful considerations made by Ali and Das in [39] . By assuming that the universe is filled by a condensate described by a wave function Ψ = Re / in the context of the Raychaudhuri equa-tion, they found a quantum potential of the form
Ali's and Das' quantum potential (78) allows one to obtain directly a cosmological constant that, by assuming a Gaussian form of the wave function or a scalar field theory, is expressed by the relation
where 0 = / may be identified with the current linear dimension of our observable universe, can be interpreted as the small mass of gravitons (or axions), with gravity (or Coulomb field) ruled by a force law of the Yukawa type
In fact, by considering the value 0 = 1.4 × 10 26 m and, thus, ≈ 10 −68 Kg, one obtains the cosmological constant in good agreement with observations:
By making a parallelism with Ali's and Das' approach in our approach of Quantum Relativity, the information associated with the quantum potential (77), being linked with the curvature of space-time in virtue of the conformal metric (76), may be assimilated with the quantum potential (78). Therefore, in analogy to Ali's and Das' approach, by assuming a Gaussian form of the wave function of creation events
Therefore, taking 0 = 1.4 × 10 26 m, the corresponding value of the quantum vacuum energy density fluctuations in the minimum quantized space given by the Planck volume is
This value is the change of the quantum vacuum energy density, which corresponds to the cosmological constant in good agreement with observations [compatibly with (81)]. The difference of the approach of Quantum Relativity lies in the fact that, here, gravitons (or axions) do not exist as a primary physical reality, but may be seen as a result of the interplay of opportune quantum vacuum energy density fluctuations of the more fundamental variable quantum vacuum energy density.
Furthermore, Quantum Relativity yields the interesting perspective to face the problems of the current Standard Model, by suggesting to consider a general scalar potential in the picture of a 3D timeless quantum vacuum characterized by the elementary processes of creation/annihilation of quanta [40] . In this approach, the most general scalar potential invariant under the Standard Model gauge group has the form
is the wave function with two components describing the probability of the occurrence of a creation/destruction event for a quantum particle of a given mass (9) (determined by an opportune change Δ qvE of the quantum vacuum energy density) in a point event , and are the real and imaginary parts of a singlet field , which is a function of the changes and fluctuations of the quantum vacuum energy density, is the coupling associated with the wave function , is the coupling associated with the real part of the singlet field , and is the coupling associated with the imaginary part of the singlet field . We have
The one-loop renormalization group equations of the scalar couplings in terms of the top Yukawa coupling beta-function (91) is always positive, will grow, when running toward higher energies and will cross zero on some scale 0 above the electroweak scale. This scale is provided by the initial value of on the electroweak scale and by the slope of the running set by the beta-function. Since itself has to be small near the scale 0 , and since is required to be small in order to keep the mixing between and the regime of small wave function , the betafunction (91) is dominated by on low scales. In order to avoid a huge hierarchy between 0 and the electroweak scale, the running of has to be sufficiently rapid, implying that cannot be very small.
To remove the global minimum characterizing the Standard Model Higgs potential a positive term has to be added to the beta-function of . On the basis of Eq. (90), this can be achieved by the term 2 + + 2 . Since is small to avoid a large mixing, namely this term is dominated by , and the global minimum must be removed by setting a sizable initial value for on the electroweak scale. We want to avoid generating a vacuum expectation value for the imaginary part , which means that must be positive. Hence, we set a small positive initial value for on the electroweak scale. Betafunction (92) of contains a positive contribution from both and , which we know from above to have sizable values. Therefore, the running of will be quite rapid, and it will eventually run into a Landau pole. Let us choose the initial values for the parameters on the top mass scale as = 0.3, = −1.2 × 10 −3 , = 0.35, = 0.01, = = −10 −4 , = 0.12879, and = 173.1 GeV and let us take the beta functions of the first order in the scalar couplings and the second order in gauge couplings. In this picture, the couplings of this approach yield a Higgs self-coupling H , which remains positive. Therefore, the Standard Model global minimum at 10
26 GeV is removed, while becomes negative around 0 ≈ 10 4 GeV. On the basis of Eqs. (99)-(103), the electroweak symmetry breaking is indeed determined by the real component of the singlet field (while the imaginary component remains stable because of the CPinvariance of the general scalar potential (84)). The wave function of the quantum vacuum associated to the occurrence of creation/destruction events, which trigger the electroweak symmetry breaking, can be expressed in the following form:
Now, in analogy to the Standard Model, by defining the covariant derivative as
W being the massless isovector triplet (for (2) ), being the coupling of the isospin current J of the fermions to W , being the mass isosinglet (for (1) ), ′ being the coupling of the hypercharge current of the same fermions to , as in the original Weinberg-Glashow-Salam model [42] [43] [44] . If one takes the physical unitary gauge ( ) = 0 with regards for the electroweak symmetry breaking, one obtains 
The kinetic piece of the Lagrangian in the electroweak symmetry breaking regime (108) leads the vacuum expectation value of the neutral scalar to generate a quadratic term for the gauge bosons ± and the Z and thus leads those gauge bosons to acquire masses on the basis of the relation cos = = 75 2 sin GeV = 1 2 ,
being the weak mixing angle. Therefore, one finds that, in the electroweak symmetry breaking regime, the coupling associated with the real part of the singlet field has the following expression:
The general scalar gauged potential (84) 
where 1 is the wave function of the quantum vacuum determining the appearance of a left-handed electron and a neutrino in the state 1 = (︁ − )︁ . In the light of the effective Lagrangian, which determines the electroweak Symmetry Breaking dynamically via a dimensional transmutation by means of the couplings associated with the singlet field of the timeless 3D quantum vacuum, the Vacuum Expectation Value of the scalar sector then induces the Standard Model Higgs Vacuum Expectation Value through a portal coupling [40] . At the end of this section, it is of interest to make some considerations about how our model is presented in a general picture with respect to the Standard Model and what progress it allows us to reach. The Standard Model Lagrangian contains only four parameters, , ′ , 2 , and ℎ, but it implies the necessity to introduce the Higgs field in an ad hoc form, which yields a global minimum at ≈10
26 GeV, thus determining significant problems in this energy range, in the light of Gabrielli's results [41] . Instead, in this model, in the gauge and scalar sectors, the beyond Standard Model Lagrangian allows us to face, in a significant coherent way, different problems encountered by the Standard Model (in connection to the electroweak symmetry breaking and the possibility to remove the global minimum at ≈10 26 ) GeV in the picture of the same 3D timeless quantum vacuum characterized by fluctuations of its energy density corresponding to the elementary processes of annihilation/creation of quanta. However, these significant results are obtained at the price of the introduction of several physically important parameters, namely the couplings associated with the wave function of the quantum vacuum (but it is worth to mention that, among these, as regards the generation of masses associated with the spontaneous symmetry breaking, the most fundamental parameter is indeed the coupling associated with the real component of the singlet field ).
Conclusions
The variable energy density corresponding to the elementary RS processes of creation/annihilation of quanta of the 3D timeless non-local quantum vacuum acting as a superfluid medium is the fundamental background, which determines the Sagnac effect, gravity, dark energy, and quantum behavior of subatomic particles. Interesting perspectives of the unification of gravity and quantum in a sole picture, where a non-local quantum potential of the vacuum is the ultimate entity, and a completion of the Standard Model, where the action of the Higgs boson emerges as the interplay of opportune fluctuations of the quantum vacuum energy density, are opened.
